[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF INDUSTRIAL USE] 

The present invention disclosed in this specification relates to a 
method for manufacturing a crystalline silicon thin film, further relates to 
a method for manufacturing a semiconductor device using this crystalline 
silicon thin film. 
[0002] 
[PRIOR ART] 

Conventionally, the following technique is known. That is, an 
amorphous silicon film formed on a glass substrate, or a quartz substrate 
is crystallized to fabricate a crystalline silicon film, and a thin film 
transistor is formed by using this crystalline silicon film. 
[0003] 

As for methods for forming this crystalline silicon film, they are 
classified into the following methods substantially. That is, laser light is 
irradiated to an amorphous silicon film formed by a plasma CVD method 
and the like to convert this amorphous silicon film into a crystalline silicon 
film and a heat treatment is carried out to an amorphous silicon film 
formed by a plasma CVD method and the like, so that this amorphous 
silicon film is converted into a crystalline silicon film. 

[0004] _ . . 

As a method for forming such a crystalline silicon film, a technique 

No 06-232059 is 
disclosed in Japanese Laiu- open rai^m. ~ FF i — — - 

known This technique is used to crystallize the amorphous silicon film at 
a lower temperature by using the metal elements that promote the 
crystallization of silicon. 
[0005] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
30 According to the research made by present applicant, when a metal 

element that promotes the crystallization of silicon is used to obtain the 
crystalline silicon film, and further the thin-film transistor is 
manufactured by using this crystalline silicon film, the characteristic of 
this thin-film transistors tends to differ. 

35 [0006] . 

An object of the invention disclosed in this specification is, for the 
technique to form a crystalline silicon film by using a metal element that 
promotes the crystallization of silicon, to provide a technique which 
prevents the metal element from locally concentrating in this crystalline 

40 silicon film. 
[0007] 
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[MEANS TO SOLVE THESE PROBLEMS] 

As a result of extensive study to solve the above problem that the 
concentration of metal element occurs in the crystalline silicon film, the 
below-mentioned matters were recognized. 

5 [0008] r . 

Fig. 2 represents an observation result of a lump of a nickel element 

in a crystalline silicon film of 1 jim square, which is crystallized by using 
the nickel element. 

[0009] £ . . 

10 A description will now be made of a method for manufacturing the 

crystalline silicon film from which the data indicated in Fig. 2 could be 
obtained. First, an amorphous silicon film having a thickness of 500A is 
formed on a glass substrate by a plasma CVD method. Then, a nickel 
acetate solution is coated on the surface of the amorphous silicon film. 
Under this state, it is realized that the nickel element is in contact with the 
surface of the amorphous silicon film. Then, the heat treatment is carried 
out for 4 hours at a heating temperature (indicated as SPC temperature in 
the figure) described in Fig. 2. As a result, a crystalline silicon film formed 
on a glass substrate can be obtained. 
20 [0010] 

The differences between the samples to obtain three sorts of data 
shown in Fig. 2 are the heating temperatures to obtain the crystalline 
silicon film. 

[0011] J . _. 

25 The method for observing the lump of nickel element indicated in Fig. 

2 is performed in accordance with the following manner. That is, the 
obtained crystalline silicon film is etched by FPM (mixture solution of 
hydrogen peroxide and fluorine compound) to remove the region where 
nickel is lumped (this region is nickel silicide). Then, the total number of 

30 the holes which the lump of nickel is removed is counted by using an 
electron microscope. 
[0012] 

In Fig. 3, there are shown conditions of the holes which indicate the 
region where nickel is lumped. That is, Fig. 3 shows photographs taken by 
35 an electron microscope, showing the state after the surface of this 
crystalline silicon film has been etched by FPM. 
[0013] 

Although this observation method could not measure the absolute 
value of the number of the lumps of nickel element, but evaluate the 
40 relative number. 
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[0014] , emperature of *e heating 

pr „cet , increased, the smaller ,he number of the detecte lump o 
nickel elements become. However, when the number of the lumps ot 
, element ts measured by SIMS (secondary ion mass spectroscopy^ 

5 fixations of the nicke. elements are substantia, y eo.ua o each 

other, .relevant to the ^J^^^^ 
~ro7L SP niLrmeT. q h e ht g her the temperature a, the hea, 
0 treatment is increased, the larger each of these lumps becomes. 

t001 Also it is found that the higher the temperature at the heating 
process increased, the longer " 

15 L» 0 iexp^E/K ) denotes a properly selected 

constant, "t" denotes a heating time, A E denotes a prop y 

Tonstant', V i. a Bol_ ^ Z^^^, ™y 

20 [ ° 01 As apparent from the above-described formula, when the heating 
templure'is increased, the diffusion distance of the is 
increased exponentially. On the other hand, me mgher 
temperature is increased, the larger the lumps 01 mcKei cxcm™ . 

25 ^^Also as a result of the research made by the Applicant, it could be 
recognized that the nickel element tends to concentrate into the region 
where the stress distortion is concentrated. 

30 [001 The present invention disclosed in this specification has been 
accomplished based upon the above mentioned matter. 
One aspect of the present invention disclosed in this specificat.on is 
rhmracterized by comprising the steps of: 

forming an amorphous silicon film on a substrate having an tnsulattng 

" SUrfa p C a e tteming said amorphous silicon film to form a predetermined 

^"'holding a metal element that promotes a crystallization of silicon in 
contact with said amorphous silicon film; 

performing a hea. treatment to crystalltze said amorphous sthcon Mm, 
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thereby being converted into a crystalline silicon film; and 

etching a peripheral portion of the pattern of said crystalline sil.con 



film. 
[0019] 



Further, another aspect of the present invention is characterized by 

C ° mP f;il g th : rTgltto which a defect and/or stress is concentrated in a 
reelected region of an amorphous silicon film, 

' nolding a metal element that promotes the crystallization of silicon in 
in contact with said amorphous silicon film; 

performing a heat treatment so as to crystallize said amorphous 

silicon film; and 

etching said preselected region. 

15 [ °° 2 The further aspect of the present invention is characterized by 

C ° mP ^g th : rtgLtto which a defect and/or stress is concentrated in a 
nreselected region of an amorphous silicon film; 

P lolding a metal element that promotes the crystallization of sil.con in 
?n contact with said amorphous silicon film; 

performing a heat treatment so as to crysta.Uze said amorphou 
silicon film and, at the same time, segregating said metal element .nto 

said preselected region; and 

etching said preselected region. 

25 ^Jn each of the above described invention, generally speaking, when a 
glass substrate is utilized, the temperature of the heat treatment is 
preferably selected to be 450 to 750°C. 

,0 [ °° 2 When a quartz substrate is used as the substrate, the temperature of 
3 the h!at treatment is preferably selected to be 800 to 1100-C. In 

particular, selecting such a high temperature is preferable to obtain the 

high crystallinity. 

[0023] 

,5 In accordance with the present invention disclosed in this 

" specification, as for a metal element that promotes the crystallization of 

silicon, one or plural sorts of metal elements selected from Fe, Co, Ni, Ru, 

Rh, Pd, Os, Ir, Pt, Cu, and Au may be used. 

40 [0 ° 2 As method for introducing this metal element, it is preferable to use 
solution containing the metal element. Since this method using the 
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solution can for, the metal element ^J^fZ 

this metal element can be held in such * —f Z amorphous silicon. 

uniformly brought into contact with the surface 

[0025] • t - nn nossesses such a particular feature that 

Further the present invention possesses such f 

metal element to be introduced. 

[002 A description will now be made of the method using the metal 
A description ^ ^ elemem that 

e nickel. 

[0021 L Ni contained in a non-polarity solution selected from atjeast one 
«f benzene, toluene, xylene, carbon tetrachloride, chlorohorm, ether, 
trichloroethylene, and fleon may be used. 
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1 the case .ha, Fe (tron) is used as the meta, 

the organization of silicon, various ^a-eriais known as .ron sa, may 

.elected from, for instance iron (1 ) ^£ <*^° ^ "iLe 

bromide (FeBr 3 6H 2 0), feme acetate (Fe(C 2 H 3 0 2 ) 3x H 2 U), le 

(FeCh4H 2 0) ferric chloride (FeCl 3 6H 2 0), ferric fluoride (FeF 3 3H 2 0), feme 

litrai rFe^0 3 , 3 9H 2 0), ferrous phosphate (Fe3(P0 4 ) 2 8H 2 0), and feme 

phosphate (FeP0 4 2H 2 0). 

t002 lrl such a case that Co (cobalt ) is used as the metal element that 

cobalt bromide (CoBr6H 2 0), cobalt acetate (Co(C 2 H 3 0 2 ) 2 4H 2 0), cohaLt 
chlorL ( CoC, 2 6H 2 0,, cobalt fluoride (CoF 2x H 2 0). and cobalt nttrate 
(Co(No3)26H 2 0). 

t003 When RU (ruthenium) ,s used as the meta, element that promotes the 
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crystallizat.on of s.l.con, var.ous' .na.er.a, = » — ..^ 

functioning as a ruthenium compound, for example, 
(RuCl 3 H 2 0) may be used. 

• [0 ° 3 Whe„ Rh (rhodium) is used as the metal ele- tha, promotes the 
3H2O) may be used. 

0 [0 ° 3 Whe„ Pd (palladium) .s used as the meta. element that promotes the 

ssr.i — re ssxta. 

(PdCl 2 2H 2 0) may be used. 

„ t0 ° 3 When Os (osmium) is used as the meta! element that promotes the 
crys.a„. Z ,,on o t s.l.con, various materials known - — ^ 
functioning as an osmium compound, for instance, osmiu 
may be used. 

20 l ° 03 Whe n Ir (iridium) is used as the metal element that promotes the 
crystallization of silicon, various materials known as .r.d.urr sa, 
functioning as a iridium compound, the matenal selected from, for 
" . 1. L.,,™ trichloride (IrCl 3 3H 2 0) and iridium te.rachlor.de (Irc, 4 ), 

llisiaiiw, j.ix^^ 

may be used. 

25 [ ° 03 When Pt (Platinum) is used as .he meta. dement that promotes .he 
crys.alliza.ion of s.licon, various materials known as plannum alt 
functioning as a platinum compound, for .nstance, p.at.num (II) chlor.de 
(PtCl 4 5H 2 0) may be used. 

30 """when Cu (copper) is used as the metal element that promotes the 

(CuCl 2 2H 2 0), and copper (II) nitrate (Cu(N0 3 ) 2 3H 2 0) may be used. 

" t0 ° 3 When Au (gold) is used as the metal element .ha. promotes the 

crysXation of silicon, various ma.er.als se.ec.ed from a go, > — nd ' 
tot is, gold .rich.oride (AuCl,«H 2 0) and gold chlor.de sal. (AuHCl 4 4H 2 0) 
may be used. 

40 [0038] 
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[OPERATION] 

As represented in Fig. 6, for example, a peripheral portion 108 or a 
pattern 100 of a crystalline silicon film to be obtained is removed. In this 
region 108, stress distortion and defects, which are formed when the 

5 pattern 103 is obtained, are concentrated to its peripheral portion 106. 
Then the metal element that promotes the crystallization of silicon is 
present with high concentration within this region 106. As a consequence, 
by removing this region 106, it is possible to obtain a crystalline silicon 
film 100 from which the influence caused by this metal element has been 

10 eliminated. 
[0039] 

In such a case that a region into which defects and stress are 
concentrated is formed artificially, a diffusion distance "D" of the metal 
element will now be considered. Concretely speaking, since another 
15 distance "d" defined from a central portion of an eventually obtained 
pattern to the region into which the defects and the stress are 
concentrated is selected to be d=D/30 to D, the metal element can be 
effectively and forcibly moved to such a region into which the above 
described defects and stress are concentrated. More specifically, the 
above described metal element can be removed from the channel forming 
region of the thin-film transistor, so that such a thin-film transistor 
operable under stable condition can be manufactured. 
[0040] 

As described above, since me region imu wm^n mv» «w~~^ 

are concentrated is used as the gettering region of the metal element that 
promotes the crystallization of silicon, the reliability of the semiconductor 
device using the crystalline silicon film can be improved. 
[0041] 

[EMBODIMENT] 
30 [EMBODIMENT 1] 

In the following embodiment, the embodiment used nickel as a metal 

element that promotes the crystallization of silicon is mainly shown. This 

is because the highest advantages could be achieved when nickel is used. 

Also, as other preferable metal elements except for nickel, there are 
35 palladium, platinum, and copper. When these preferable metal elements 

are used, a similar effect to that of nickel may be obtained. 

[0042] 

The scheme of the manufacturing step of the present embodiment in ^ 
Fig. 1 is shown. First, a silicon oxide film 102 having a thickness of 3000 A 
is formed as an undercoat film on a glass substrate 101 by a plasma CVD 
method or a sputtering method. This silicon oxide film 102 has such a 
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function to block a diffusion of an impurity from the glass substrate 101. 
Also this silicon oxide film 102 has another function to relax the stress 
produced between the glass substrate 101 and a silicon thin-film which 
will be formed in a later step. 

[004 Next an amorphous silicon film (not shown) having a thickness of 500 
A is formed on the silicon oxide film by a plasma CVD method. Next, an 
island-shaped pattern 103 made of an amorphous silicon film is formed by 
patterning a pattern larger than an active layer of a finally obtained thin- 
film transistor (Fig. 1(A)). 

[004 As for a plasma CVD film having a thickness of 500 A used in this 
embodiment, it was found that the maximum diffusion distance of the 
nickel element is approximately 2 urn under the condition of 550°C and 4 
hours As a consequence, a distance "d" shown in Fig. 6 which represents a 
condition under which the thin-film transistor of Fig. 1 is viewed from the 
upper surface, is selected to be 2 urn. It should be noted that a distance 
indicated by "a" is selected to be 0.5 urn. 

[0045] , . . . 

It is desirable to form this pattern by a plasma etching process having 
vertical anisotropy. This is because when a plasma etching treatment is 
carried out, the stress distortion and defects caused by the plasma 
damages would be readily produced in the edge regions ot the isianci- 
shaped pattern. 

[0046] . 

Then, a nickel acetate solution whose concentration has been 
controlled to a predetermined value is coated by a spin coat method in 
order that the nickel element 104 is held in contact with an exposed 
surface of the amorphous silicon film 103 (Fig. 1(A)). 

[0047] r , _ . 

Under this condition, the heat treatment at 600°C is performed for 4 
hours The temperature of this heat treatment is desirably selected to be 
higher temperatures in the temperature range where the glass substrate 
can endure the higher temperatures. Accordingly, when a quartz 
substrate is used, the heating temperature is preferably selected to be 
from 800°C to 1100°C to perform the crystallization. 
[0048] 

The pattern 103 of the amorphous silicon film is crystallized by 
performing this heat treatment. At this time, the nickel element disperses 
to the peripheral portion of the pattern 103 and concentrates thereto. 
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This « « ^^Tr^^ f, sr I 

[00491 „. of th e nickel element, crystall.zat.on 

,„ accordance with this d.f.us.o ° ^ rn 103 .» 

of the amorphous silicon f.lm .s aavance ^ 
inverted into a crystalline silicon f.lm 105. 

[0050] u . . . e , emenl is concentrated to an edge region 

Also, a, ,h.s ..^- ^ damag e and the stress d.stort.on 
106 of the pattern into which tne V 
are concentrated (Fig. 1(B)). 

[005 ^ t . an exposed re g ion o f H» 

usl „ g N a res,, mask 107. ^™^ZZ P-ess. An active layer 

z^:^^™^* * ,his etching slep ( " 

1(C)). 

t° 0521 nn«,n be removed as shown in Fig. 6, dimension 

In the region of 108 to be remo ^ embo diment, dimension 

indicated as "a" is selected to ^20 ^ & pattern 

seated by "d" is selected to ^« ^ ^ draWing . 

100 defined by 15 ^ X ,u * constituting the thin film 

This pattern 100 becomes an acu- 
transistor. 

l° 0531 „f this embodiment, since the reg.on 106 into which 

In the structure of th.s emDO nt in the region 108 to 

the nickel element has been ^"^^ y reafoe d under which 
be removed, such a cond.uon can . b -ntu^ y ^ ^ ^ , ayfir 

substantially no lump of the nicKe 
indicated by 100. 

[00541 . .... cont aining scandium at 0.2 wt% is 

Furthermore, an ^ h ^^ beam vapor deposition 
formed by a sputtering method ~ an lect ^ ^ [Q 

method. The reason why scanduun » «> projectio n, or needle- 

suppress an occurrence f hi U.c k (^^ ^ m the 

shaped projection) caused by ™ 
succeeding step. 

[° 055 J u natterned to thereby form a gate 

Then, this aluminum film is pattern* ^ ^ electrolytlc 

40 electrode 111. Next, the anodic oxidation 
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oxide film 112 is formed. A thickness ot ^ m ^ a grea( 

sel ected to be 500 A. Th.s -odic o^de f. ™ U J fc ^ ^ 
advantage that the occurrence * mad / thick . an offset gate region 

[005 len the condition of Pig. .<P» * opined, ^ (phosp^ ns> ion U 
implanted by a plasma doping metnoa. 

a source region 113, a 

s^i"^ rr ; h irrt,on „, „ ^ , - - 

alignment manner (Fig. 1(D)). 

this e MmP ,e : the ^— .PC ^^'L ,s 

manufactured. 

[0058] d as an interlayer insulating film 

N t a silicon oxide filn 1 ^ ^ ^ _ a 

with a thickness of 700U A oy * v ^wtrode 117 and a drain 

contact hole is formed, and both a ^ a tltanium film, an 

strode US are formed by using a laminating mm tranQ utor 

t^ElfiHn. and a titanium film. In this manner, a dun-fum ~a 

irshown in Fig. 1(E) may be accomplished. 

[° 059] , • of this embodiment 1 are used, it is 

When the manufacturing ^ t0 which the nickel 

possible to suppress such a fact that the region ^ & 

element is concentrated is formed in the activ laye 
consequence, the difficulties caused by the presence 
can be suppressed. 
[0060] 

[EMBODIMENT 2] arrangement for obtaining a higher 

steps shown in the 

Xl- l^r— n of laser light. Also, in the present 
embodiment, a quartz substrate is used. 

t° 061] r ♦ •„„ «tPn according to this embodiment 2. 

Fig . 4 shows a manufactory step co ding ^ ^ 

Similar to the manufacturing step indica e in g this 
40 10 2 is formed as an undercoat Mm on a a tz subst.^ ^ ^ a ^ 
embodiment, the silicon oxide film 102 having 
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formed in order to relax stress executed between the quart substrate and 
a silicon film which will be formed later. 

[006 Next an amorphous silicon film having a thickness of 1000 A is 
formed by a low pressure thermal CVD method. Subsequently this 
IZphous silicon "film is patterned to thereby form an island-like pattern 
103 (Fig. 4(A)). 

1006 The„, a nickel acetate solution is coated by a spin coat method, and as 
indicated by reference numera! 104. the nickel element ,. held tn contact 
w,th the surface of the island-like pattern .03 made of the amorphous 
silicon film in a film shape (Fig. 4(A)). 

[006 Thereafter, the heat treatment is carried out at 8 50° C for 4 hours, so 
that the island-like pattern 103 made of an amorphous silicon film is 
converted into a crystalline silicon film. In this step, since the hea ing 
emperature is high" the nickel element is more highly co^™^ 
the peripheral portion of the pattern in comparison with the embodiment 

1 (Fig. 4(B)). 

[006 As a result, a crystalline silicon film 105 and also a region 106 where 
the nickel element is concentrated can be obtained. Then, the peripheral 
portion 106 of the pattern is removed by an etching process using the 

F UiUU r , u~-~ iU^ r»inV^l pigment is 

resist mask 107. At this step, sucn a region „«, ------ 

present in the concentrated manner is selectively removed (Fig. 4(C)). 

[006 Then, by removing the resist mask 107, a crystalline silicon film 402 
having an island-like pattern for constituting an active layer of a thin-film 
transistor is obtained. The region indicated by "f^^ ^ 
corresponds to a region indicated by reference numeral 109 of Fig. 4(B). 

^^Subsequently, as represented in Fig. 4(D), laser light is irradiated. The 
crystallinity of the crystalline silicon film 402 having the island-like 
pattern can be improved by laser irradiation. 

[006 Also in accordance with this embodiment 2, after the laser light 
irradiation, the heat treatment is carried out at 800°C for 2 hours. By this 
heat treatment, the defects in the film which occurred by the laser light 
irradiation can be reduced (Fig. 4(E)). 

[006 Even if this second heat treatment is not carried out, such a crystalline 
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silic on film having sufficiently high crystallinity can * °^"eoV 
Accordingly, if the overall manufacture process is preferred 
this heating step may be omitted. 

100701 • , Am made of the crystalline silicon film has 

b eenT,rd TZfZZ. ^ «^ ^ 
402 is fabricated in accordance with -he steps shown ,n F.g. 1. 

[0071] 

^TeTolen, 3 relates to such an arrangement that a heat 
tre Jent is carried ou, instead of the of 

1000 A is formed by a low pressure thermal CVD method. 

[° 072 1 i- fu m i« natterned to thereby form an 

Next, this amorphous silicon Mm is pat erned 

is ,and-like pattern 103 as ind.cated ,n 5(A). ™ h « e]emen , is 

^ v ^ / / • 

r00731 ~ ^ ^ a U ~„-< cn that a 

Th e„, a heat treatment is performed ^^-—^ 
^ll^^rrt^ siltcon f.,m ,» <H, 5(B,, 

[0074] , «t 107 is arransed to conduct an etching in order to 

Next, a — ™ sk F « 7 5 S c rC 7 n g this case , lhe region 109 is .lightly 

remove a region 108 in fig. 
etched for a small margin. 

transistor in a later step. 

^"lording to this embodiment, the heat _ , is again carried ^u, 

C:e„;. .« shoJd be noted that laser Ugh, or intense light may be 
irradiated after this heat treatment is performed. 
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[0077] . an 

[EMBODIMENT 4] Openings are formed in an 

[ This embodiment 4 is featured as JoUo ^ ^ be an active laye r 

am orphous silicon film in the viam^ £ tes the 

^ecute this embodiment, an — ^ 
on a'substrate having a ~ ^ Nextf a portion of the 

m ethod, or a low pressure ^ £V as represente d 

am0 r P hous silicon film- per - d y ft 
by reference numeral 702, so a ^ fee Umited lo a 

understood that the sha £ > of the o * g ^ & ^ §hape . 

rectangular shape, but may be 

[0079] . . . • nsed as the metal element that 

ln this embodiment, nickel used a^ ^ above . desC ribed openings 

[0080] - ed out , so that the amorphous silicon 

L , i i- treatment is carricu ^ m t ^t P H to 

[0081] „ , , . this embodiment may become effective 

The structure as illustrated » * s em ^ and funher 

in , he case that a dtffus.on d.ta « o * ™ this struc .»re becomes 

: — h r : cs- *** * — d by using a 

quartz substrate. 

[0082] distance indicated as V should satisfy 

In Fig. 7, it is necessary that a distan 
the following condition: 
c = D/30 to D 

D = D0t Tfthe ) diffusion distance of the metal element indicated 
Generally speaking, the *" usl ° ke of simplicity. 

by "D" may be actually measured for the 

40 [0083] 
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ln this cond.tton, symbol "D" i. a ™™Z^'^« 
wh ereas a minimum ^"f^aXe l^tance tndtca.ed by the 
tens of this maximum d.ff «s.o. • diffusio „ stance, ,t 

above symbol V is made shorter ban ^ ^ 
is possible to form a const.tut.on from ^ Qf „ c „ , s 

completely removed. Concrete!, sp«to ■ w „ can be ma de very 

se ,ec,ed to be 5am or shorter h -,cke, c ^ ^ differen( (rom 
,o„. The above-explained value of , ? of the startin g 

each other, depending upon the f . tafo m g ^ ^.^ meIh ds 

films, the film forming methods *e ^ a ^ ^ ^ ^ va , ue 

C I smaller, preferably I or -Her. 

[0084] 

embodfment 5. In this — turrng ^ ^ having a 
substrate is used as a — ' . * * as . bas e film on the quartz 
lhi ckness of 5000A is ^ f * b ^ 0 V Next , a n amorphous s.ltcon mm 
substrate 801 b, a plasma CVD meth ^ tWs 

^rrr?^-™ -*> - * — as ,nd,cated 

by 803 of Fig. 8(A). 

[0085] . solution whose concentration is 

Subsequently, a nickel a etate soluu & ^ ^ 

controlled to a preselected ^J^*^ numeral 803 (see Fig. 
formed in a film shape as indicated by 

8A). 

l0086 N , e« the hea, treatment is performed at 950* for 4 hours so as to 
obtain a crystalline silicon film 804 «F, g . 8(B)). 

[0087] „„st-rlline silicon film having an island- 

Thereafter, a surface of a crys a hne ^ ^ ^ isotroplc 

sh ape tndicated by reference num ra, ^ ^ ^ havi „ g „ 

^oHsOo'V is obtled (Bg- 8(C)). 

10088] , "Hntion is carried out at 950°C, so that a 

Subsequently, the thermal °— K is formed on an 
thermal oxidation film havmg . Uudme. , ^ ^ ^ 

— d r^^C^T*. - s,11,ine smcon mm is 

40 manner, an active iayci 
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he utilized in a thin-film transistor (Fig. 8(D)). 
which can be utinzeu in 

[0089] 

[EMBODIMENT 6] structure capa ble of further 

Thls embodiment 6 is re ^ ted to sue ^ the 

emphasizing the eliminating ; effect ot ^ ^ manufacturing ste ps 
crystallization of silicon In hg_ , film 9Q2 having a 

according to this embodiment. F rst a & 9Q1 

thickness of 3000 A is formed as a base 

[° 09 °1 r on film having a thickness of 500 A is formed 

Next, an amorphous silicon ^ h- ^ ^ ^ , g 

by a plasma CVD method. Fur hermo ^ fey reference 

patterned to thereby form an whose concentration is 

numeral 903. Then, a nickel acetat sola ^ ^ and a 

^^t: 1 " Vindicated by reference 
numeral 904 (Fig. 9(A)). 

[0091] 9Q5 is pos i,ioned so as to implant a P 

Subsequently, a resist mask 905 p & region 

(phosphorous) ion. In d». step, the P °n , . P m 
indicated by 906. perform.ng mp— ^ ^ p ^ ^ 

si: rsrts — - - «-» 

L 00921 i, ons is removed, and the heat treatment is 

Next, the resist mask 905 .s emo amorph ous silicon 

performed at 550°C for 4 hours. I . tta s Bp concentrated to a 

film is crystallized. At this t.me, the nickel ele rf 

regl0 „ ind,ca,ed Vhis etc ** Ise/by 'such a fact that it is 

,he pattern indicated by 903. Thi et ^ ng effect of 

at the edge of the pattern, P <P h ° s P hot ° > 906> and further, the 
the meta, element >simc ante " o the r«* ^ ^ of 

defects are formed in trie regiu 
P ion. 

[0093] . a another resist mask 908 is newly 

Thereafter, as indicated in Fig. 9(C . ano Thus , it is 

arranged in order to etch ^^^J^^ crystall ine silicon 
possible to obtain a region 909 made ot the 
? llm from which the -^^^^ manufacturing step, an 
phosphorous ion is used in the ~ 
oxygen ion may be used (Fig. 9(D)). 

l [EmCT OF THE PRESENT INVENTION] 
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.vhich is previously performed 
The pane™ of a m o ; p h ous su con ■ - ^ ^ melal el e„, 
by patterning, is crystallized by heal Furthermore , the penpheral 

i promotes the crystal rzalton of ^ on. ^ 
portion of the pattern where sard me la ^ ^ ^ , nt0 

Amoved, thereby the pattern n - ^ ^ 

which the metal element has been 

^ Cher word, as to the ^^J^STS ^ 
-rra— 1 Irch can a V o,d that the meta, 

element is locally concentrated. 

[0096] rh aracteristics of thin-film transistors can be 

As a consequence, the cha acter1 ^ this specification. Also, 

impr oved by utilizing the J^cnU^o^ ^ fe£ 

zpr^^^^ ° f the obtained thin " fllm 

transistor can be made stable. 

[BRIEF DESCRIPTION OF DRAWINGS] ^ (ransistor . 

£ i ra W ;ra;rr W S ,n" f mber ofmmp of nic k e, element 
Fig 2 is g P f . lm par umt area . 

contained m a «>^nc & ^ sllicon trim. 

Fig . , snow, - s « manu facturing a thin trim u*n»^- 

Fig. 4 shows a process ior , . •__ a th in film transistor. 

£ i :::: : - . — — 

film. . Datte rning condition of a crystalline silicon 

Fig. 7 shows a top view of patterning 

film - 1 t a Dr ocess for manufacturing a thin film transistor. 

Fig. 8 illustrates a process iui 
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[DESCRIPTION OF MARKS] 
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101 
102 
103 
104 
105 
106 
107 
108 
100 



glass substrate 

'eTon in which mckel element is segregated 
resist mask 

region removed by etching 

active layer made of crystalline silicon film 
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1 l 0 gate insulating film(silicon oxide film) 

1 l l gate electrode 

1 l 2 anodic oxidation film 

1 1 3 source region 

5 114 channel forming region 

1 l 5 drain region 

1 l 6 interlayer insulating film (silicon oxide film) 

1 l 7 source region 

1 1 8 drain region 

] 0 401 quartz substrate 

402 active layer made of crystalline silicon film 

7 00 amorphous silicon film 

701 region to be an active layer 

7 02 openings formed in amorphous silicon film 

15 801 quartz substrate 

802 silicon oxide film 

803 amorphous silicon film 

804 nickel element formed in a film shape 

805 crystalline silicon film 

20 8 06 region performed by etching 
807 active layer 
80 8 gate insulating film 
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